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Key Factors Affecting  
Astrobiology Potential 

•  Diversity and geologic context

– Habitable conditions sometime in past

– Diversity of habitable environments

– Duration of habitable conditions


•  Preservation of key evidence

•  Accessible by MSL rover




When & where did (do)
 these conditions exist on
 Mars?  Did they permit life
 to develop & survive?




Oxidants:  O2;  CO2; minerals/fluids with 
SOx, Fe3+, NOx, etc. 

Reductants:  H2;  Cred;  minerals/fluids with 
Sred, NH4

+, Fe2+ or other reduced species


Thriving in Darkness  
Oxidation-reduction reactions can sustain life, 
even without photosynthesis (and without O2)  

Minerals must be identified comprehensively and 
definitively to search for potential habitats and life




Indian Ocean basalt 
1200 m below sea floor 

(M. Fisk) 

Oregon dunite with microbes in galleries (Fisk et al., 2006) 



200 m


Nili Fossae: Mafic source rock and altered product 



Science 314, 479 (2006)




Duration of Habitable Conditions 

•  Fluvio-lacustrine features and location 
consistent with confluence of long-term 
regional drainage


•  Near-subsurface deposits consistent 
with widespread evidence of persistent 
near-subsurface aqueous environments




Stratigraphy and Processes in 
Isidis-Nili Fossae 
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Phyllosilicate Formation


Isidis Basin and Syrtis
 Major lavas are major
 time-stratigraphic markers


Significant gradation
 (sedimentary? aeolian?
 alluvial?) between Isidis
 basin formation and Syrtis
 lava emplacement


How does this constrain
 habitability?


Trough development


Regional Kaolinite deposit


Carbonate deposit




Nili Fossae 



Preservation of Key Evidence 
•  Primary productivity: higher is better; but on 

Earth, oxygenic photosynthesis is major 
factor


•  Protection from destructive agents is critical

– Organisms, thermal, oxidation


•  Preservation enhancers

– Reducing conditions

– Sequestration in phyllosilicates, silica, 

carbonates, evaporites, etc.

– Burial






Low-Ca Pyroxene

Phyllosilicate

Fe-Phyllosilicate




50 m




Access to Key Geologic Units 

•  Accessible terrane 

•  Exhumed subsurface deposits

•  Fluvio-lacustrine deposits

•  Relatively unaltered by 

weathering
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LCP-rich Noachian Crust

Smectite-rich Noachian Crust

Smectite-bearing Fossae Fill

Smectite-bearing Fossae Fill


Syrtis Lava  Hesperian

Hargraves Ejecta


(Representative vertical and horizontal distances, not to scale)




Nili Fossae, Mars

MRO CRISM VIS/NIR

J. Mustard, et al., 2007






Microbial Communities in Hypersaline Environments 

1 cm  


